@ https:/Intrs.nasa.gov/search.jsp?R=19700023034 2018-07-26T711:02:27+00:00Z

U. of lowa 69-56

Distribution of this document is unlimited.

N0, -82 845§
NASA CR 11069%

OBSERVATIONS OF 8-AMU/UNIT CHARGE
ION CYCLOTRON WHISTLERS*

by

Donald A. Gurnett

Paul Rodriguez

= i R A e e e ] hage
W

&= [ ] _
CASE FILE
Pt Q? % - i [ j g :
| COPY
et ‘%}ﬁ,*‘ L!.’ i

quartment of Physics and Astronomy

THE UNIVERSITY OF IOWA

Iowa City, Iowa




U. of Iowa'69-56

OBSERVATIONS OF 8-AMU/UNIT CHARGE
ION CYCLOTRON WHISTLERS*

by
Donald A. Gurnett

Paul Rodriguez

Department of Physics and Astronomy
The University of Iowa
‘Iowa City, Iowa

December 1969

#Research supported in part by the National Aeronautics and
Space Administration under contracts NAS5-10625, NAS1-81k1,
NAS1-81k4h(f), NAS1-8150(f), and NGR-16-001-0L43; and by the

Office of Naval Research under contract Nonr 1509(06).




UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is ¢lassilied)

1. ORIGINATIN G ACTIVITY (Corporate author) Z2a. REPORT SECURITY C LASSIFICATION
) . UNCLASSIFIED
University of Iowa 75 croup
Department of Physics & Astronony

3. REPORT TITLE

Observations of 8-amu/unit charge ion cyclotron whistlers

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Progress December 1969

5. AUTHOR(S) (Last name, first name, initial)

Gurnett, Donald A., and Rodriguez, Paul

6. REPORT DATE 78. TOTAL NO. OF PAGES 7b. NO. OF REFS
December 1969 9 12
8a. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S)
Nonr 1509(06)
b PROJECT NO. Research Report 69-56
c. . 9b. OTHER REPORT NO(S) (Any other numbers that may be sssigned
this report)
d.

10. AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11. SUPPL EMENTARY NOTES ‘ 12. SPONSORING MILITARY ACTIVITY

Office of Naval Research

13. ABSTRACT

See page following.

DD .7, 1473 UNCLASSIFIED

Security Classification



UNCLASSIFIED

Security Classification

KEY WORDS

LINK A LINK B LINK C

ROLE ROLE wWT ROLE

Observations 8-amu/unit charge
Ion Cyclotron Whistlers

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report. ‘

2a. REPORT SECURITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
‘‘Restricted Data’’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-~
rective 5200, 10 and Armed Forces Industrial Manual, Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 ‘as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters, Titles in all cases should be unclassified,
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4., DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report, Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal author is an absolute minimum requirement.

6, REPORT DATE: Enter the date of the report as day,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information.

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report. |

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written.

8b, 8, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity, This number must
be unique to this report.

9., OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

impgsed by security classification, using standard statements
such as!

(1) ‘‘Qualified requesters may obtain copies of this
report from DDC.”?

(2) ‘*Foreign announcement and dissemination of this
report by DDC is not authorized.'’

(3) . “U. S. Government agencies may obtain copies of
this report directly from DDC, Other qualified DDC
users shall request through

1y

(4) ‘‘U. S. military agencie's may obtain copies of this
report directly from DDC. Other qualified users
shall request through

1)

(8) f*All distribution of this report is controlled. Qual-

ified DDC users shall request through

12}
.

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for gsale to the public, indi-
cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additionsl explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving & brief and factual
summary of the document indicative of the report, even though

it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall’
be attached.

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (5), (C), or (U).

There is no limitation on the length of the abstract. How-

ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
text. The assignment of links, rales, and weights is optional.

FORM
Y JAN 64

DD 1473 (BACK)

UNCLASSIFIED

Security Classification



ABSTRACT

A new type of ion cyclotron whistler associated with
ions having a mass-to-charge ratio of 8-amu/unit charge is
reported from very-low-frequency (VLF) radio noise observa-
tions with the Injun 5 satellite. This observation confirms
earlier measurements by the Explorer 31 satellite identifying
the presence of 8~amu/unit charge ions in the ionosphere and
represents the third type of ion cyclotron whistlers found
in satellite VLF data. From crossover frequency measurements
the fractional concentration of the 8-amu/unit charge ions
has been determined to be a few percent or less. This new
ion cycldtron whistler has been observed most often during
local night, at altitudes ranging from 1200 km to 2100 km

and invariant latitudes from 37° to 58°.




A new ion cyclotron whistler associated with ions
having a mass-to-charge ratio of 8-amu/unit charge has been
found in the Injun 5 satellite very-low-frequency (VLF)
radio noise data. This 8-amu/unit charge ion cyclotron
whistler is the third type of ion cyclotron whistler found
in satellite VLF data, the previous types being the proton
whistler, which was first reported by Smith et al. [196L]
and explained by Gurnett et al. [1965], and the helium
whistler, which was first reported by Barrington et al. [1966].
This observation of an 8-amu/unit charge ion cyclotron whistler
confirms earlier measurements by Hoffman [1967] who first
identified the presence of ionospheric ions with mass-to-
charge ratios of 8-amu/unit charge using a mass spectrometer
on the Explorer 31 satellite. The corresponding ion species
is thought to be either O+¢ {a doubly charged mass 16 ion)
or He2+ (a singly charged mass 8 molecule [Hoffman, 1967]).

At the present time the identity of this ion has not been
clearly established [see discussions by Banks and McGowan,
1968; Ferguson and Fehsenfeld, 1969; Banks and McGowan, 1969a;
Gerardo and Gusinow, 1969; and Banks and McGowan, 1969b].

An example of an 8-amu/unit charge ion cyclotron
vhistler observed with the Injun 5 VLF experiment (see
Gurnett et al. [1969] for a description of this experiment)

is shown in Figure 1. This illustration shows the
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frequency-time spectrogram of a short fractional hop elec-
tron whistler followed, in oxrder of decreasing frequency,
by & proton whistler at about 132 Hz, a helium whistler at
about 108 Hz, and an 8-amu/unit charge whistler at about

54 Hz., The ion species corresponding to each of these ion
cyclotron whistlers can be determined from the asymptotic
frequency of the whistler signal {(the ion gyrofrequency)
which is inversely proportionsl to the mass-to-charge ratio
of the corresponding ion species [see Gurnett et al., 1965].
The asymptotie frequency of the 8-amu/unit charge whistler
in Figure 1 was determined toc be 1/8%+3% of the proton gyro-
frequency thereby ideutifying the charge-to-mass ratio to be
8-amu/unit charge.

The relative abundances of each ion species can be
obtained from measurements of the crossover frequency, the
frequency at whiech the ion e¢yclotron whistler signal meets
the short fractional hop whistler signal [see Gurnett et al.,
1965; Shawhan and Gurnett, 1966; and McEwen and Barrington,
1967]. Considering the uncertainties in measuring the cross=-
over frequencies in Figure 1, the frasctional concenirations,

0, have been determined within the following limits:

0.76>0(H%)>0.56
0237>Q(H§ y>0.16
0.14>0(0 )>0.03
0.03>0{m/g=8)>0.0

The large uncertainty in the fractional concentration of the

8-amu/unit charge ions (0 to 3%) arises because the difference




between the crossover frequency and the ion gyrofreguency of
the 8-amu/unit charge whistler is very small (~5 Hz) and
difficult to determine with good accuracy.

At the present time, after surveying data from seversal
hundred passes, 8-amu/unit charge whistlers have been observed
on only six passes, much less frequently than either proton
whistlers or helium whistlers., This decreased occurrence
may be due in part to the increased background noise and
decreased receiver sensitivity at these extremely low fre-
guencies. The satellite coordinates at which 8-amu/unit
charge whistlers were observed on each pass are given in
Table 1. In all cases the fractional concentration of the

8-amu/unit charge ions was a few percent or less,
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TABLE 1
Date Universeal|{Altitude|{Invariant|Local
Time Latitude| Time
hr min:sec km degrees |hours
March 2, 1969 0549:38 1k25 50.1 1.20
August 11, 1969 1150:27 2130 k.2 6.10
August 15, 1969 123k4:52 181k 48.0 5.89
August 2L, 1969 0939:28 1450 53.7 .95
August 24, 1969 09k1:2k 1346 58.6 5.05
September 2, 1969| 0836:06 1373 ho.7 5.70
September 2, 1969| 083L:03 1337 37T. k4 3.30




FREQUENCY (HZ)

500

. A-G69-824-1

i

TIME (Sec)

ALTITUDE = 1268 KM

PROTON WHISTLER

HEL IUM WHISTLER

8 - AMU/UNIT CHARGE
ION CYCLOTRON WHISTLER

INVARIANT LATITUDE=46.7°

 LOCAL TIME=0.34 hr.

Figure 1






